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Abstract 

Recently some papers in the literature have shown the presence and 
importance of the so-called "magnetic" components of gravitational waves 
(GWs), which have to be taken into account in the context of the total 
response functions of interferometers for GWs propagating from arbitrary 
directions. In this paper the response functions for the magnetic compo- 
nents are re-analysed in the full frequency dependence answering to the 
question of the title. 

PACS numbers: 04.80.Nn, 04.80.-y, 04.25.Nx 

The design and construction of a number of sensitive detectors for GWs is 
underway today. There are some laser interferometers like the VIRGO detector, 
being built in Cascina, near Pisa by a joint ItaHan-Prench collaboration [HE], the 
GEO 600 detector, being built in Hanover, Germany by a joint Anglo-Germany 
collaboration Oil], the two LIGO detectors, being built in the United States 
(one in Hanford, Washington and the other in Livingston, Louisiana) by a joint 
Caltech-Mit collaboration [5l|6|, and the TAMA 300 detector, being built near 
Tokyo, Japan [3 [8]. There are many bar detectors currently in operation too, 
and several interferometers and bars are in a phase of planning and proposal 
stages. 
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The results of these detectors will have a fundamental impact on astrophysics 
and gravitation physics. There will be lots of experimental data to be analyzed, 
and theorists will be forced to interact with lots of experiments and data analysts 
to extract the physics from the data stream. 

Detectors for GWs will also be important to confirm or ruling out the physical 
consistency of General Relativity or of any other theory of gravitation [9l [TOl 
[TT1[T2]. This is because, in the context of Extended Theories of Gravity, some 
differences from General Relativity and the others theories can be seen starting 
by the Hnearized theory of gravity [9t fT0lfT2] . 

Recently some papers in the literature have shown the presence and im- 
portance of the so-called "magnetic" components of gravitational waves (GWs), 
which have to be taken into account in the context of the total response functions 
of interferometers for GWs propagating from arbitrary directions |13 [ fT4 l fT5 l ll6). 
In this paper the response functions for the magnetic components are re-analysed 
in the full frequency dependence. 

In a laboratory enviroment on earth, the coordinate system in which the 
space-time is locally flat is typically used [H [13l [HI [HI [16l [III [18] and the 
distance between any two points is given simply by the difference in their coor- 
dinates in the sense of Newtonian physics. In this frame, called the frame of the 
local observer, GWs manifest themself by exerting tidal forces on the masses 
(the mirror and the beam-splitter in the case of an interferometer) . 

The importance of the "magnetic" components of GWs arises from Section 
3 of [13]. Working with G = 1, c = 1 and h = 1 and calling h^{ttt + Ztt) and 
hx{ttt + Ztt) the weak perturbations due to the -I- and the x polarizations of 
the GW, which are expressed in terms of syncrony coordinates ttt,xtt, ytt, ztt in 
the transverse-traceless (TT) gauge, the most general GW propagating in the 
Ztt direction can be written in terms of plane monochromatic waves [14^ \TE\ [TBI 

[ia[i9] 

h^u{ttt + Ztt) = h+{ttt + ztOeJit^ -I- /ix(itt + ztt)ej^u = 

(1) 

= h+oe-xpiuj{ttt + ztt)e^f^u' + h^oexpiuj^ttt + ztt)e\^^\ 
and the correspondent line element will be 

ds^ = dtl^ - dzfi - (1 + h+)dx^^ - (1 - h+)dy'ft - 2hy,dxttdxtt- (2) 

The coordinate transformation x" = j;"(a;fj) from the TT coordinates to the 
frame of the local observer is [131 [HI [H] 

t = ttt + \{x1t - ytt)h+ - \xttytthx 

X = xtt + \xtth+ - \ytthx + \xttztth+ - ^yttZtthx 

(3) 

y = ytt + \ytth+ - \xtthx + \yttztth+ ~ \xttztthx 

Ztt - \{x1t - ytt)h+ + \xttytthy.. 
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In eqs. ([3]) it is /i+ = and hx = ^j^- We emphasize that, in refs. 
|13[ [HI [HI [20] it has been shown that the Unear and quadratics terms, as 
powers of xff , are unambiguously determined by the conditions of the frame of 
the local observer. 

Considering a free mass riding on a timelike geodesic {x = h, y = h, z = I3) 
|13) eqs. ((3]) define the motion of this mass with respect the introduced frame 
of the local observer. If one neglects the terms with /i+and in eqs. ([3]) the 
analogue of the magnetic component of motion in electrodynamics are directly 
obtained: 

x{t + z) = /i + \lihh+{t + z) + ^hhhxit + z) 
y{t + z)^l2- Ihhh+it + z) + Ihhhx {t + z) (4) 
z{t + z) =h - \{ll~ll)h+{t + z) + 2lil2hy,{t + z), 

To compute the total response functions of interferometers for the magnetic 
components generalized in their full frequency dependence an analysis parallel 
to the one used for the first time in [16] has been used in |15] the so called 
"bounching photon metod". We emphasize that this metod has been generalized 
to scalar waves, angular dependence and massive modes of GWs in [12]. In [15] 
it is shown that, in the frame of the local observer, we have to consider two 
different effects in the calculation of the variation of the round-trip time for 
photons, in analogy with the cases of [H] where the effects considered were 
three, but the third effect vanishes putting the origin of our coordinate system 
in the beam splitter of our interferometer (see also the massive case in |12)). 

Details of computations are in [15] , here only the response function of the 
magnetic component of the "+" polarization will be written. 

The total response function for the magnetic component of the + polarization 
is given by 

= — exp[zcjL(l — sin 6* cos (/))] + -^ia;exp[ict;i(l — sin 6* sin 0)] 

iuj LA r — l-t-exp[iajL(l— sin 6 cos 0)] — zLc^(l — sin Q cos 0) 
4 I. (l-sinecos</))^ 

(5) 

I cxp(22u;L) (1— cxp[iLi;L( — 1— sin 6 cos 0)] — iLu;(l+sin cos 0) l i 
(-l-sinScos^)^ J"*" 

iiu)LB\ — l+cxp[iiijL(l— sin 6 sin (f))] —iLuj{l—s\n 6 sin 0) . 
' 4 I- (l-sin6lcos 0)2 '~ 

I cxp(2ia;L) (1— cxp[?'ajL( — 1— sin 9 sin 0)] — zLa;(l+sin sin (p) i 
^ (-l-sin6(sin0)2 -I' 

that, in the low freuencies Hmit is in perfect agreement with the result of 
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Baskaran and Grishchuk (eq. 49 of |13)1: 



.2, 



1 1 + COS 

H+^{lu^O) = -sin0[(cos2 6' + sin20— ^)](cos0 - sin0). (6) 

Because the response functions to the "magnetic" components grow with fre- 
quency, as it is shown in eq. ((U (and the same happens for the " x" polarization, 
see [15]) one could think that the part of signal which arises from the magnetic 
components could in principle become the dominant part of the signal at high 
frequencies (see the correspondent pictures in [E]), but, to undesrtand if this is 
correct, one has to use the full theory of gravitational waves. 

The low-frequencies approximation, used in [13] to show that the "magnetic" 
and "electric" contributions to the response functions can be identified without 
ambiguity in the longh- wavelengths regime (see also [I^), is sufficient only for 
ground based interferometers, for which the condition / ^ 1/L is in general 
satisfied. For space-based interferometers, for which the above condition is not 
satisfied in the high-frequency portion of the sensitivity band |13[ [T4j [22] , the 
full theory of gravitational waves has to be used. 

If one removes the low-frequencies approximation, the "bouncing photon 
method" can be used in this context too. In [H] the variation of the proper 
distance that a photon covers to make a round-trip from the beam-splitter to 
the mirror of an interferometer |12[ [TH [HI [16] was computed with the gauge 
choice |[2]). In this case one does not need the coordinate transformation |[3]) 
from the TT coordinates to the frame of the local observer (see also Section 
5 of [13]). Even in this case, only the result for the total response function of 
the "-f" polarization which takes into account both the magnetic and electric 
components will be written. Details of computations are in [14] for the "x" 
polarization too. 

Thus, the total frequency-dependent response function (i.e. the detector 
pattern) of an interferometer to the -I- polarization of the GW is: 

H+{cu) = 

2L ^-HuiLo,e,4>)+ (7) 

_ (cos^esin^^0-co.^ ^) g,(c^, 6, 0) 

that, in the low frequencies limit (w — > 0), if one retains the first two terms 
of the expansion, is in perfect agreement with the detector pattern of eq. (46) 
in [13],: 

H+{lj ^ 0) = i(l +cos2 6') COS20+ 

(8) 

- ^iujL sin 61 [(cos^ 9 + sin 20 ^+^=°" '^ )] (cos - sin 0) . 

This result also confirms that the magnetic contribution to the variation of 
the distance is an universal phenomenon because it has been obtained starting 
from the full theory of gravitational waves in the TT gauge (see [131 [14] ). 



_ (c 



i cos (p— sin 
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Seeing the pictures of eqs. ^ and of the total response function of the 
"x" polarization, which are in [14], one sees that the magnetic component of 
GWs cannot extend the frequency range of interferometers. This is because, 
even if magnetic contributions grow with frequency, as it is shown from eq. ^ , 
the division between "electric" and "magnetic" contributions breaks down at 
high frequencies, thus one has to perform computations using the full theory of 
gravitational waves. The correspondent response functions which are obtained 
do not grow which frequency. 
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